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IMAGE SENSOR, OPERATION METHOD
THEREOF, AND SYSTEM INCLUDING THE
SAME

BACKGROUND

Embodiments of the inventive concept relate to image sen-
sors. More particularly, embodiments of the inventive con-
cept relate to methods and devices for processing pixel sig-
nals of an image frame, and determining the motion of an
object according to a comparison result.

A complementary metal-oxide semiconductor (CMOS)
image sensor is a solid-state image sensing device which
leverages attributes of CMOS technology. As a result, when
compared to charge coupled device (CCD) image sensors, the
CMOS image sensor has lower manufacturing costs, smaller
dimensions, and consumes less power. Recent improvements
in CMOS image sensor performance have resulted in the
CMOS image sensor being widely adopted in both non-por-
table home appliances and in portables (or mobile) devices
such as smart phones and digital cameras.

Low power consumption in mobile devices is a high design
priority, and research has been active to reduce the power
consumption of CMOS image sensors. Generally, there is a
trade-off between reduced power consumption and increased
performance, and in the field of CMOS image sensors, efforts
continue to maximize the reduction of power consumption
while maintaining necessary operational characteristics.

SUMMARY

An embodiment of the present inventive concepts is
directed to a motion sensing method implemented by an
image sensor, the image sensor including a first pixel and a
second pixel. The method includes generating a first pixel
signal by using the first pixel during a first integration time of
a frame period, generating a second pixel signal by using the
second pixel during a second integration time of the frame
period, and generating comparison signals by comparing the
first pixel signal and the second pixel signal.

Another embodiment of the present inventive concepts is
directed to an image sensor which includes a first pixel con-
figured to generate a first pixel signal during a first integration
time of a frame period, a second pixel configured to generate
a second pixel signal during a second integration time of the
frame period, and a readout circuit configured to generate
comparison signals indicative of a sensed moving object by
comparing the first pixel signal and the second pixel signal.

Yet another embodiment of the present inventive concepts
is directed to an image sensor which includes an image sensor
array including an array of unit pixels, each of the unit pixels
including at least a first pixel and a second pixel. The image
sensor further includes a decoder circuit configured to apply
successive reset signals to the first and second pixels of the
unit pixel, the successive reset signals defining a frame period
of the unit pixel, where the first pixel is active during a first
integration time of the frame period, and the second pixel is
active during a second integration time of the frame period.
The image sensor still further includes a comparator circuit
configured to compare an output of the first pixel correspond-
ing to the first integration time of the frame period and an
output of the second pixel corresponding to the second inte-
gration time of the frame period, and to output a comparison
result.

Still another embodiment of the present inventive concepts
is direct to a system on chip (SoC) which includes an image
sensor, a central processing unit (CPU) configured to transmit
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amode selection signal for selecting an operation mode to the
image sensor, and an image signal processor (ISP) configured
to process image data output from the image sensor. The
image sensor includes a first pixel configured to generate a
first pixel signal during a first integration time of a frame
period, a second pixel configured to generate a second pixel
signal during a second integration time of the frame period,
and a readout circuit configured to generate comparison sig-
nals by comparing the first pixel signal and the second pixel
signal in response to the mode selection signal.

Another embodiment of the present inventive concepts is
directed to an image processing system which includes an
image sensor, a central processing unit (CPU) configured to
transmit a mode selection signal for selecting an operation
mode to the image sensor, and an image signal processor
(ISP) configured to process image data output from the image
sensor, and a display configured to display image data pro-
cessed by the ISP. The image sensor includes a first pixel
configured to generate a first pixel signal during a first inte-
gration time of a frame period, a second pixel configured to
generate a second pixel signal during a second integration
time of the frame period, and a readout circuit configured to
generate comparison signals by comparing the first pixel
signal and the second pixel signal in response to the mode
selection signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other embodiments and aspect of the
present inventive concepts will become readily apparent from
the detailed description that follows, with reference to the
accompanying drawings, in which:

FIG. 1 is a block diagram of an image processing system
according to an example embodiment of the present inventive
concepts;

FIG. 2 isablock diagram according to an example embodi-
ment of the image sensor illustrated in FIG. 1;

FIG. 3A is a drawing for explaining an example embodi-
ment of a structure of a unit pixel illustrated in FIG. 2;

FIG. 3B is a drawing for explaining another example
embodiment of the structure of the unit pixel illustrated in
FIG. 2;

FIG. 4 is a timing diagram of control signals supplied to a
unit pixel illustrated in FIG. 3A or 3B;

FIGS. 5A through 5D are circuit diagrams of the unit pixel
illustrated in FIG. 3A or 3B;

FIG. 6 is a circuit diagram according to an example
embodiment of a read-out circuit illustrated in FIG. 2;

FIG. 7 is a drawing depicting a level of comparison signals
illustrated in FIG. 6;

FIG. 8 is a circuit diagram according to another example
embodiment of the read-out circuit illustrated in FIG. 2;

FIG. 9 is a drawing for explaining an example embodiment
of clock signals illustrated in FIG. 8;

FIG. 10 is a drawing for explaining still another example
embodiment of the structure of the unit pixel illustrated in
FIG. 2;

FIG. 11 is a timing diagram according to an example
embodiment of control signals supplied to a unit pixel illus-
trated in FIG. 10;

FIG. 12 is a circuit diagram of the read-out circuit illus-
trated in FIG. 2 to which the control signals of FIG. 11 are
supplied;

FIG. 13 is a timing diagram according to another example
embodiment of control signals supplied to the unit pixel illus-
trated in FIG. 10;
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FIG. 14 is a circuit diagram of the read-out circuit illus-
trated in FIG. 2 to which control signals of FIG. 13 are
supplied;

FIG. 15 is a circuit diagram of the read-out circuit illus-
trated in FIG. 2 to which the control signals of FIG. 11 or 13
are supplied;

FIG. 16 is a block diagram according to another example
embodiment of the image sensor illustrated in FIG. 1;

FIG. 17 is a drawing depicting an example embodiment of
layout of pixels which are comparative targets in a pixel array
illustrated in FIG. 16;

FIG. 18 is a drawing depicting another example embodi-
ment of the layout of the pixels which are comparative targets
in the pixel array illustrated in FIG. 16;

FIG. 19 is a drawing depicting still another example
embodiment of the layout of the pixels which are comparative
targets in the pixel array illustrated in FIG. 16;

FIG. 20 is a drawing depicting still another example
embodiment of the layout of the pixels which are comparative
targets in the pixel array illustrated in FIG. 16;

FIG. 21 is a drawing depicting still another example
embodiment of the layout of the pixels which are comparative
targets in the pixel array illustrated in FIG. 16;

FIG. 22 is a circuit diagram of one of pixels which are
comparative targets in the pixel array illustrated in FIGS. 18
through 21.

FIG. 23 is a circuit diagram of the other of the pixels which
are comparative targets illustrated in FIGS. 18 through 21;

FIG. 24 is a timing diagram of control signals supplied to
each ofthe pixels which are comparative targets illustrated in
FIGS. 22 and 23;

FIG. 25 is a flowchart of a motion sensing method for an
image sensor according to an example embodiment of the
present inventive concepts;

FIG. 26 is a block diagram of an image processing system
according to an example embodiment including the image
sensor illustrated in FIG. 1; and

FIG. 27 is a block diagram of an electronic system accord-
ing to an example embodiment including the image sensor
illustrated in FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Certain embodiments of the inventive concept will now be
described in some additional detail with reference to the
accompanying drawings. The inventive concept, however,
may be embodied in various different forms and should not be
construed as being limited to only the illustrated embodi-
ments. Rather, these embodiments are provided as examples
so that this disclosure will be thorough and complete, and will
fully convey the concept of the inventive concept to those
skilled in the art. Accordingly, known processes, clements,
and techniques are not described with respect to some of the
illustrated embodiments. Unless otherwise noted, like refer-
ence numerals denote like or similar elements throughout the
drawings and written description.

It will be understood that, although the terms “first”, “sec-
ond”, “third”, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the inventive con-
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cept. The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the inventive concept.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “includes,” “including,” “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items. Also, the
term “exemplary” is intended to refer to an example or illus-
tration.

It will be understood that when an element or layer is
referred to as being “on”, “connected to”, “coupled to”, or
“adjacent to” another element or layer, it can be directly on,
connected, coupled, or adjacent to the other element or layer,
or intervening elements or layers may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to”, “directly coupled to”, or “immedi-
ately adjacent to” another element or layer, there are no inter-
vening elements or layers present.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present specification and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein

FIG. 1 is a block diagram of an image processing system
according to an example embodiment of the present inventive
concepts. Referring to FIG. 1, an image processing system 10
may include an image sensor 100, an image signal processor
ISP 200, a display unit 205, a central processing unit (CPU)
210, and a peripheral circuit 220.

According to an example embodiment, the image process-
ing system 10 may be embodied in a system on chip (SoC).
According to another example embodiment, the image sensor
100, the ISP 200 and the CPU 210 may be embodied in a SoC.

The image processing system 10 may include the function-
ality of a color sensor which may acquire color information of
an object or a subject, the functionality of a depth sensor
which may acquire depth information of the object, and/or the
functionality of a motion sensor which may acquire motion
information by sensing a motion of the object.

According to an example embodiment, when the image
sensor 100 includes depth sensor pixels, the image sensor 100
may transmit image data IDATA corresponding to depth
information or a depth image of an object or image data
IDATA corresponding to motion information or a motion
image of an object to the ISP 200, according to a mode
selection signal MSEL transmitted from the CPU 210.

For example, the image sensor 100 may output image data
IDATA corresponding to motion information or a motion
image when a mode selection signal MSEL is at a first level,
e.g., alow level, and output image data IDATA corresponding
to depth information or a depth image when the mode selec-
tion signal MSEL is at a second level, e.g., a high level;
however, it is not restricted thereto.

According to another example embodiment, when the
image sensor 100 includes color sensor pixels, the image
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sensor 100 may transmit image data IDATA, which include
color information or motion information of an object to the
ISP 200 according to a mode selection signal MSEL trans-
mitted from the CPU 210.

For example, the image sensor 100 may output image data
IDATA corresponding to motion information when a mode
selection signal MSEL is at a first level, e.g., a low level, and
output image data IDATA corresponding to color information
when the mode selection signal MSEL is at a second level,
e.g., a high level.

According to an example embodiment, the image sensor
100 may be embodied in an independent additional chip. The
image sensor 100 may be embodied in a CMOS image sensor
chip.

The ISP 200 may receive image data IDATA, process
received image data IDATA and generate processed image
data IDATA'. According to an example embodiment, the ISP
200 may process or compose image data IDATA frame by
frame.

According to an example embodiment, the ISP 200 may
process image data IDATA including color information,
image data IDATA including depth information or image data
IDATA including motion information of an object by operat-
ing under different modes according to a mode selection
signal MSEL. In addition, the ISP 200 may revise light and
shade, contrast and/or chroma of the image data IDATA.

The ISP 200 may transmit processed image data IDATA' to
the display unit 205. The display unit 205 may may display
the processed image data IDATA'. According to an example
embodiment, the display unit 205 may be embodied in a
liquid crystal display (LCD), a LED display, an OLED dis-
play, an active matrix organic light emitting diodes
(AMOLED) display, or a flexible display.

The CPU 210 may analyze data transmitted from the
peripheral circuit 220, generate a mode selection signal
MSEL based on an analysis result, and transmit a generated
mode selection signal MSEL to the image sensor 100 and the
ISP 200.

The peripheral circuit 220 may provide data, which are
characterized according to a state of the system 10 or various
inputs, to the CPU 210.

According to an example embodiment, the peripheral cir-
cuit 220 may be embodied in an input interface. In this case,
the peripheral circuit 220 performing a function of the input
interface 220 may provide data occurred according to an input
of'auser to the CPU 210. The input interface may be an input
device such as a button, a touch screen or a mouse. The CPU
210 may generate amode selection signal MSEL based on the
data. According to another example embodiment, the periph-
eral circuit 220 may be embodied in a power monitoring
module. In this case, the peripheral circuit 220 embodied in
the power monitoring module, when determining the system
10 is lacking power, may transmit data generated according to
a determination result to the CPU 210. The CPU 210 may
generate a mode selection signal MSEL based on the data.

According to still another example embodiment, the
peripheral circuit 220 may be embodied in an application
execution module. In this case, the peripheral circuit 220
embodied in the application execution module may monitor
execution of a specific application and transmit data gener-
ated according to a monitoring result to the CPU 210. The
CPU 210 may generate a mode selection signal MSEL based
on the data. The specific application may be a camera driving
application or an augmented reality application; however, the
embodiment is not restricted thereto.
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FIG. 2 isablock diagram according to an example embodi-
ment of the image sensor illustrated in FIG. 1. For conve-
nience of'explanation, an object 1 is illustrated with the image
sensor 100.

Referring to FIG. 2, the image sensor 100 may include a
light source 20, an IR pass filter 22, a pixel array 24, a readout
circuit 28, a timing controller 30, a clock generator 32, a row
decoder 34 and a light source driver 36.

The image sensor 100 may generate image data IDATA
corresponding to depth information or a depth image of the
object 1 or image data IDATA corresponding to motion infor-
mation or a motion image of the object 1 by using time of
flight (TOF) principles according to a mode selection signal
MSEL.

According to an example embodiment, the image sensor
100 may generate image data IDATA corresponding to
motion information or a motion image regardless of a mode
selection signal MSEL. According to an example embodi-
ment, the image sensor 100 may operate in a rolling shutter
mode or a freeze frame shutter mode.

The light source 20 may emit an optical signal, which is
modulated to the object 1 according to a control signal MLLS
of the light source driver 36, e.g., an infrared ray. According
to an example embodiment, the light source 20 may emit an
optical signal, which has less strength than the modulated
optical signal and is not modulated, e.g., an infrared ray, to the
object 1. That is, an intensity of an optical signal output from
the light source 20 or whether the optical signal is modulated
may be determined according to a control of the timing con-
troller 30 operating according to the mode selection signal
MSEL.

The infrared pass filter 22 may pass only an optical signal,
which is emitted from the light source 20 and reflected from
the object 1, through the pixel array 24. The pixel array 24
may include a plurality of unit pixels 26. Each of the plurality
of unit pixels 26 is explained later in detail referring to FIGS.
3 A through 5D. According to an example embodiment, each
of the plurality of unit pixels 26 may be embodied in a TOF
sensor pixel.

The readout circuit 28 may generate image data based on
pixel signals output from the pixel array 24. The timing con-
troller 30 may control components of the image sensor 100,
e.g., the readout circuit 28, the clock generator 32, the row
decoder 34, and/or the light source driver 36, based on a mode
selection signal MSEL transmitted from the CPU 210.

The clock generator 32 may generate demodulation clock
signals according to a control of the timing controller 30, and
transmit generated demodulation clock signals to the pixel
array 24. The demodulation clock signals are explained later
in detail referring to FIGS. 3A through 5.

The row decoder 34 may decode a plurality of row control
signals, e.g., row address signals, output from the timing
controller 30, and drive a specific row line included in the
pixel array 24 according to a decoding result. The row
decoder 34 may include a row driver for driving the row line.
The light source driver 36 may generate a control signal MLS
for driving the light source 20 according to a control of the
timing controller 30.

FIG. 3A is a drawing for explaining an example embodi-
ment of a structure of a unit pixel illustrated in FIG. 2. Refer-
ring to FIGS. 2 and 3A, each unit pixel 26 may have a two-tap
structure. Each unit pixel 26 of this example includes a first
pixel 26-1 and a second pixel 26-2. Each of the pixels 26-1
and 26-2 includes an optical-electronic conversion element
26-3 and 26-4, respectively.

The first pixel 26-1 may receive a first demodulation clock
signal CLKA for gating a first optical-electronic conversion
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element 26-3 and a reset signal RS for controlling a circuit
included in the first pixel 26-1. The first pixel 26-1 may output
a first pixel signal PIXA according to a reset signal RS and a
first demodulation clock signal CLKA.

The second pixel 26-2 may receive a second demodulation
clock signal CLKB for gating an optical-electronic conver-
sion element 26-4 and a reset signal RS for controlling a
circuit included in the second pixel 26-2. The second pixel
26-2 may output a second pixel signal PIXB according to a
reset signal RS and a second demodulation clock signal
CLKB.

The first pixel 26-1 and the second pixel 26-2 included in
each unit pixel 26 may be adjacent to each other in a row
direction. In this case, each unit pixel 26 may minutely sense
a vertical edge or horizontal movement of the object 1.

FIG. 3B is a drawing for explaining another example
embodiment of the structure of the unit pixel illustrated in
FIG. 2. Referring to FIGS. 2 and 3B, the first pixel 26-1 and
the second pixel 26-2 included in each unit pixel 26 may be
adjacent to each other in a column direction. In this case, each
unit pixel 26 may minutely sense a horizontal edge or vertical
movement of the object 1.

FIG. 4 is a timing diagram of control signals which may be
supplied to the unit pixel illustrated in FIG. 3A or 3B. FIGS.
5A through 5D are example circuit diagrams of the unit pixel
illustrated in FIG. 3A or 3B. Referring to FIGS. 4 through 5D,
areset signal RS may control a reset transistor RX included in
each of a first pixel 26-1A through 26-1D and a second pixel
26-2A through 26-2D.

The reset signal RS is activated at a first time point T1,
deactivated at a second time point T2, and activated again at
a fourth time point T4. In this case, the time period extending
from the first time point T1 to the fourth time point T4 cor-
responds to one frame, and this time period is referred to here
as a frame period Tframe. The time period from the second
time point T2 to the fourth time point T4 is an integration time
Tint for pixels 26-1 and 26-2 included in each unit pixel 26 to
execute optical-electronic conversion.

A first demodulation clock signal CLKA supplied to the
first pixel 26-1 is activated at a second time point T2 when a
reset signal RS becomes deactivated, and deactivated at a
third time point T3 which is mid-point between the second
time point T2 and the fourth time point T4. That is, a first
integration time Tintl when the first pixel 26-1 is activated
corresponds to a first half section of integration time Tint.

A second demodulation clock signal CLKB supplied to the
second pixel 26-2 is activated at a third time point T3 when the
first demodulation clock signal CLKA is deactivated, and
deactivated at the fourth time point T4. That is, a second
integration time Tint2 when the second pixel 26-2 is activated
corresponds to a second half section of the integration time
Tint. The first integration time Tintl and the second integra-
tion time Tint2 are included in one frame period.

Referring to FIGS. 5A through 5D, a reset transistor RX
may reset a charge, which is generated from each of optical-
electronic conversion elements 26-3 and 26-4, according to a
reset signal RS.

Each of the optical-electronic conversion elements 26-3
and 26-4 may be embodied in a photo gate, and the photo gate
may be gated according to a demodulation clock signal
CLKA or CLKB. According to an example embodiment,
each of'the first pixel 26-1 and the second pixel 26-2 may be
embodied in a pixel 26-1A or 26-2A having a four-transistor
structure illustrated in FIG. 5A, a pixel 26-1B or 26-2B hav-
ing a three-transistor structure illustrated in FIG. 5B, or a
pixel 26-1C, 26-2C, 26-1D or 26-2D having a five-transistor
structure illustrated in FIGS. 5C and 5D.
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The first pixel 26-1A through 26-1D may output a first
pixel signal PIXA and transmit the same to the readout circuit
28, according to a reset signal RS and a first demodulation
clock signal CLKA. The second pixel 26-2A through 26-2D
may output a second pixel signal PIXB and transmit the same
to the readout circuit 28, according to a reset signal RS and a
second demodulation clock signal CLKB.

FIG. 6 is a circuit diagram according to an example
embodiment of the read-out circuit illustrated in FIG. 2. FIG.
7 is a drawing depicting a level of comparison signals illus-
trated in FIG. 6. Referring to FIGS. 2, 6 and 7, the readout
circuit 28 may include summation circuits 34-1 and 34-2,
comparators 42 and 44, counters 46 and 48, memories 50 and
52, and a sense amplifier 56.

The summation circuit 34-1 may add a first pixel signal
PIXA output from the first pixel 26-1 and an offset signal
Voftset, and supply the resultant sum to an inverting terminal
of a comparator 42. The comparator 42 may compare an
output of the summation circuit 34-1 with a second pixel
signal PIXB and output a comparison signal SCOMP1
according to a comparison result.

The summation circuit 34-2 may add the second pixel
signal PIXB output from the second pixel 26-2 and the offset
signal Voffset, and supply the resultant sum to an inverting
terminal of a comparator 44. The comparator 44 may com-
pare an output of the summation circuit 34-2 with the second
pixel signal PIXB and output a comparison signal SCOMP2
according to a comparison result.

Referring to FIG. 7, when difference (PIXA-PIXB)
between the first pixel signal PIXA and the second pixel
signal PIXB is less than a negative offset signal —Voffset
(CASE 1), the comparison signal SCOMP1 may be a second
level, e.g., a high level or ‘1°, and the comparison signal
SCOMP2 may be a first level, e.g., a low level or <0’.

When the difference (PIXA-PIXB) between the first pixel
signal PIXA and the second pixel signal PIXB is equal to or
greater than the negative offset signal —Voffset and less than
a positive offset signal +Voffset (CASE2), each of the com-
parison signal SCOMP1 and the comparison signal SCOMP2
is at a first level.

When the difference (PIXA-PIXB) between the first pixel
signal PIXA and the second pixel signal PIXB is equal to or
greater than the positive offset signal +Votfset (CASE 3), the
comparison signal SCOMP1 may be at a first level and the
comparison signal SCOMP2 may be at a second level. That s,
referring to FIGS. 4, 6 and 7, comparators 42 and 44 compare
the first pixel signal PIX A output by using the first pixel 26-1
during a first integration time Tintl of one frame with the
second pixel signal PIXB output by using the second pixel
26-2 during a second integration time Tint2 of the frame.

Each of the comparators 42 and 44 may output a compari-
son signal SCOMP1 having a value of 1’ and a comparison
signal SCOMP2 having a value of ‘0’ when the first pixel
signal PIXA is less than the second pixel signal PIXB (CASE
1) according to a comparison result, output a comparison
signal SCOMP1 having a value of ‘0’ and a comparison signal
SCOMP2 having a value of ‘0’ when the first pixel signal
PIXA and the second pixel signal PIXB are equal in an error
range, e.g., Voffset (CASE 2), and output a comparison signal
SCOMP1 having a value of ‘0’ and a comparison signal
SCOMP2 having a value of ‘1’ when the first pixel signal
PIXA is greater than the second pixel signal PIXB (CASE 3).

The case 1 is a case where an amount of light sensed by a
unit pixel 26 is increased during a time span, the case 2 is a
case where an amount of light sensed by the unit pixel 26 is
not changed during the time span, and the case 3 is a case
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where an amount of light sensed by the unit pixel 26 is
decreased during the time span.

The readout circuit 28 may output e data IDATA corre-
sponding to whether an amount of light sensed by the unit
pixel 26 is changed during the time span, i.e., motion infor-
mation or a motion image, according to a level of comparison
signals SCOMP1 and SCOMP2 in each case CASE1 through
CASE 3.

Each of counters 46 and 48 may count level a transition
time of each of the comparison signals SCOMP1 and
SCOMP2 in response to a clock signal CLK1. According to
an example embodiment, a clock signal CLK1 may have a
one clock cycle during a frame. In this case, each of the
counters 46 and 48 may output each of the input comparison
signals SOCMP1 and SCOMP2 as it is. The clock signal
CLK1 is explained in detail referring to FIGS. 8 and 9.

According to an example embodiment, each of the
counters 46 and 48 may be embodied as an up-down counter
or a bit-wise inversion counter; however, the inventive con-
cepts are not restricted thereto.

Memories 50 and 52 may temporarily store signals output
from the counters 46 and 48, and output the signals to a sense
amplifier 56. The sense amplifier 56 may sense & amplify
signals output from the memories 50 and 52 and transmit
them to an ISP 200 as image data IDATA.

Each of a data line connected from each comparator 42 or
44 to each counter 46 or 48, a data line connected from each
counter 46 or 48 to each memory 50 or 52, and a data line
connected from each memory 50 or 52 to the sense amplifier
56 may be embodied so that it may transmit one-bit data only.
Accordingly, since an amount of data transmitted within the
readout circuit 28 decreases, a data processing speed may be
improved.

FIG. 8 is a circuit diagram according to another example
embodiment of the readout circuit illustrated in FIG. 2. FIG.
9 is a drawing for explaining an example embodiment of
clock signals illustrated in FIG. 8. For convenience of expla-
nation, a timing controller 30 is illustrated along with the
readout circuit 28 together.

Referring to FIGS. 2, 6, 8 and 9, the timing controller 30
may include a mode selection circuit 64 and a clock signal
generator 66. According to an example embodiment, at least
one of the mode selection circuit 64 and the clock signal
generator 66 may be embodied outside the timing controller
30; however, the present inventive concepts are not limited to
any particular layout of the mode selection circuit 64 and the
clock signal generator 66.

The mode selection circuit 64 may generate a plurality of
switching signals SE1, /SE1, SE2 and /SE2 based on a mode
selection signal MSEL transmitted from the CPU 210. The
mode selection circuit 64 may transmit a clock adjusting
circuit CS to the clock signal generator 66 in response to the
mode selection signal MSEL.

The clock signal generator 66 may generate a first clock
signal CLK1 or a second clock signal CLK2 according to the
clock adjusting signal CS. For example, the clock signal
generator 66 may generate the first clock signal CLK1 when
a level of the mode selection signal MSEL is a first level, e.g.,
ahigh level or ‘1°, and generate the second clock signal CLK2
when a level of the mode selection signal MSEL is a second
level, e.g., a low level or ‘0’.

Referring to FIG. 9, the first clock signal CLK1 may have
a one clock cycle during a frame period Tframe of a frame,
and the second clock signal CLK2 may have a plurality of
clock cycles (e.g. 2 to the power of N cycles, where N is the
ADC resolution) during the frame period Tframe.
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According to an example embodiment, the clock signal
generator 66 may generate the first clock signal CLK1
according to a control of the mode selection circuit 64 when
an image sensor 100 of FIG. 2 operates as a motion sensor
which may acquire motion information of an object, and may
generate the second clock signal CLLK2 according to a control
of'the mode selection circuit 64 when the image sensor 100 of
FIG. 2 operates as a depth sensor which may acquire depth
information of an object.

A readout circuit 28 of FIG. 8 may further include a ramp
signal generator 60 and a switch array 62 in contrast to the
readout circuit 28 of FIG. 6.

The ramp signal generator 60 may output a ramp signal
SRAMP. According to an example embodiment, the ramp
signal generator 60 may be embodied outside the readout
circuit 28; however, the present inventive concepts are not
limited by any particular layout of the ramp signal generator
60. The switch array 62 may transmit, in response to the
switch signals SE1, /SE1, SE2, /SE2 transmitted from the
mode selection circuit 64, the first pixel signal PIXA and one
of the ramp signal SRAMP and the second pixel signal PIXB
to the comparator 42 and transmit the second pixel signal
PIXB and one of the ramp signal SRAMP and the first pixel
signal PIXA to the comparator 44.

A switch signal SE1 and a switch signal /SE1 are signals
are inverted relative to each other, and a switch signal SE2 and
a switch signal /SE2 are inverted relative to each other.

According to an example embodiment, the switch array 62
has a switch SW1 turned on in response to a switch signal
SE1, a switch SW2 turned off in response to a switch signal
/SE1, a switch SW3 turned on in response to a switch signal
SE2, and a switch SW4 turned off in response to a switch
signal /SE2 when the image sensor 100 of FIG. 2 operates as
a depth sensor which may acquire depth information of an
object. In this case, each of the counters 46 and 48 may count
an output of each of the comparators 42 and 44 in response to
the second clock signal CLK2.

According to another example embodiment, the switch
array 62 has a switch SW1 turned off in response to a switch
signal SE1, a switch SW2 turned on in response to a switch
signal /SE1, a switch SW3 turned off in response to a switch
signal SE2, a switch SW4 turned on in response to a switch
signal /SE2 when the image sensor 100 of FIG. 2 operates as
amotion sensor which may acquire motion information of the
object. In this case, each of the counters 46 and 48 may count
an output of each of the comparators 42 and 44 in response to
the first clock signal CLK1.

FIG. 10 is a drawing for explaining still another example
embodiment of the structure of the unit pixel illustrated in
FIG. 2. Referring to FIGS. 2 and 10, a unit pixel 26' according
to another example embodiment of each unit pixel 26 illus-
trated in FIG. 2 may have a four-tap structure. The unit pixel
26' includes a first pixel 26'-1, a second pixel 26'-2, a third
pixel 26'-3, and a fourth pixel 26'-4. The pixels 26'-1 through
26'-4 includes optical electronic conversion elements 26'-5
through 26'-8, respectively.

A reset signal RS’ may control a circuit included in each
pixel 26'-1 through 26'-4. The optical electronic conversion
element 26'-5 through 26'-8 may be gated by respective
demodulation clock signal CLKA' through CLKD'.

Each pixel 26'-1 through 26'-4 may output each pixel signal
PIXA' through PIXD' in response to the reset signal RS’ and
each demodulation clock signal CLKA' through CLKD'". A
structure and an operation of each pixel 26'-1 through 26'-4
are substantially the same as a structure and an operation of
each pixel 26-1 or 26-2 illustrated in FIG. 3a or 35.



US 9,204,143 B2

11

FIG. 11 is a timing diagram according to an example
embodiment of control signals supplied to the unit pixel illus-
trated in FIG. 1. Referring to FIGS. 10 and 11, the reset signal
RS’ may control a reset transistor included in each pixel 26'-1
through 26'-4.

The reset signal RS’ is activated at a first time point T1 and
deactivated at a second time point T2, and activated again at
a fourth time point T4. In this case, the time period extending
from the first time point T1 to the fourth time point T4 cor-
responds to a frame period Tframe. Additionally, the period
from the second time point T2 to the fourth time point T4 is an
integration time Tint for pixels 26'-1 through 26'-4 included in
each unit pixel 26 to perform optical-electronic conversion.

A first demodulation clock signal CLKA' supplied to the
first pixel 26'-1 and a second demodulation clock signal
CLKB' supplied to a second pixel 26'-2 are activated at a
second time point T2 when a reset signal RS becomes deac-
tivated, and deactivated at a third time point T3, which is the
mid point between the second time point T2 and the fourth
time point T4. That is, a first integration time Tint1 when the
first pixel 26'-1 and the second pixel 26'-2 are activated cor-
responds to a first half section of the integration time Tint.

A third demodulation clock signal CLKC' supplied to the
third pixel 26'-3 and a fourth demodulation clock signal
CLKD' supplied to the fourth pixel 26'-4 are activated at the
third time point T3 and deactivated at the fourth time point T4.
That is, a second integration time Tint2 when the third pixel
26'-3 and the fourth pixel 26'-4 are activated corresponds to a
second half section of the integration time Tint.

The first integration time Tint1l and the second integration
time Tint2 are included in one frame.

FIG. 12 is a circuit diagram ofthe readout circuit illustrated
in FIG. 2 to which control signals of FIG. 11 are supplied.
Referring to FIGS. 6, 10 through 12, a readout circuit 28'
according to an example embodiment of the readout circuit 28
illustrated in FIG. 2 may include summation circuits 34-3
through 34-6, comparators 42 and 44, counters 46 and 48,
memories 50 and 52, and a sense amplifier 56.

An summation circuit 34-3 outputs a first sum signal
PIXAB by adding a first pixel signal PIXA' output from the
first pixel 26'-1 and a second pixel signal PIXB' output from
the second pixel 26'-2. A summation circuit 34-4 outputs a
second sum signal PIXCD by adding a third pixel signal
PIXC' output from the third pixel 26'-3 and a fourth pixel
signal PIXD' output from the fourth pixel 26'-4. A summation
circuit 34-5 adds an offset signal Voffset to the first sum signal
PIXAB and transmits it to a non-inverting terminal of the
comparator 42, and a summation circuit 34-6 adds an offset
signal Voffset to the second sum signal PIXCD and transmits
it to a non-inverting terminal of the comparator 44.

In other words, the readout circuit 28' may output image
data IDATA corresponding to whether an amount of light
sensed by the unit pixel 26' is changed or not during a given
time period, i.e., motion information or a motion image of an
object, according to a result of comparing the first sum signal
PIXAB corresponding to the sum of the first pixel signal
PIXA' output from the first pixel 26'-1 and the second pixel
signal PIXB' output from the second pixel 26'-2 with the
second sum signal PIXCD corresponding to the sum of the
third pixel signal PIXC' output from the third pixel 26'-3 and
the fourth pixel signal PIXD' output from the fourth pixel
26'-4.

In this case, each unit pixel 26' may closely sense a hori-
zontal edge or vertical movement of the object (1 of FIG. 2).

Except for including the summation circuit 34-3, which
adds and outputs the first pixel signal PIXA' output from the
first pixel 26'-1 and the second pixel signal PIXB' output from

10

15

20

25

30

35

40

45

50

55

60

65

12

the second pixel 26'-2, and the summation circuit 34-4, which
adds and outputs the third pixel signal PIXC' output from the
third pixel 26'-3 and the fourth pixel signal PIXD' output from
the fourth pixel 26'-4, the readout circuit 28' is substantially
the same as the readout circuit 28 of previously described
FIG. 6.

FIG. 13 is a timing diagram according to another example
embodiment of control signals supplied to the unit pixel illus-
trated in FIG. 10. FIG. 14 is a circuit diagram of the readout
circuit illustrated in FIG. 2 to which the control signals illus-
trated in FIG. 13 are supplied. Referring to FIGS. 10 through
14, the first demodulation clock signal CLKA' and the third
demodulation clock signal CLKC' are activated during a first
integration time Tintl, and the second demodulation clock
signal CLKB' and the fourth demodulation clock signal
CLKD' are activated during a second integration time Tint2.

In this case, the summation circuit 34-3 included in the
readout circuit 28' according to an example embodiment of
the readout circuit 28 of FIG. 2 outputs a first sum signal
PIXAC by adding the first pixel signal PIXA' output from the
first pixel 26'-1 and the third pixel signal PIXC' output from
the third pixel 26'-3.

The summation circuit 34-4 outputs a second sum signal
PIXBD by adding the second pixel signal PIXB' output from
the second pixel 26'-2 and the fourth pixel signal PIXD'
output from the fourth pixel 26'-4. An summation circuit 34-5
adds an offset signal Votfset to the first sum signal PIXAC and
transmits it to a non-inverting terminal of the comparator 42,
and an summation circuit 34-6 adds an offset signal Voffset to
the second sum signal PIXBD and transmits it to a non-
inverting terminal of the comparator 44.

That is, the readout circuit 28' may output image data
IDATA corresponding to whether an amount of light sensed
by the unit pixel 26' is changed during a given time period,
i.e., motion information or a motion image of an object,
according to a result of comparing the first sum signal PIXAC
corresponding to the sum of the first pixel signal PIXA' output
from the first pixel 26'-1 and the third pixel signal PIXC'
output from the third pixel 26'-3 with the second sum signal
PIXBD corresponding to the sum of the second pixel signal
PIXB' output from the second pixel 26'-2 and the fourth pixel
signal PIXD' output from the fourth pixel 26'-4. In this case,
each unit pixel 26' may closely sense vertical edge or hori-
zontal movement of the object (1 of FIG. 2).

FIG. 15 is a circuit diagram of the readout circuit illustrated
in FIG. 2 to which the control signals of FIG. 11 or 13 are
supplied. For convenience of explanation, the timing control-
ler 30 is illustrated together with the readout circuit 28'.

Referring to FIGS. 10 through 15, the timing controller 30
may include a clock signal generator 66 and a direction select-
ing circuit 68.

The clock signal generator 66 may generate a clock signal
CLK1 supplied to each of the counter 46 and 48. The direction
selecting circuit 68 may output switch signals SE3, /SE3, SE5
and /SE4 for switching a plurality of switches SW5 through
SW8 included in a switch array 70. According to an example
embodiment, the direction selecting circuit 68 may be con-
trolled by the CPU (210 of FIG. 1).

A switch signal SE3 and a switch signal /SE3 are comple-
mentary signals to each other, and a switch signal SE4 and a
switch signal /SE4 are complementary signals to each other.
The switch array 70 may include a plurality of switches SW5
through SWS.

According to an example embodiment, a switch SW5 may
be turned off in response to the switch signal SE3, a switch
SW6 may be turned on in response to the switch signal /SE3,
a switch SW7 may be turned off in response to the switch
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signal SE4, and a switch SW8 may be turned on in response
to the switch signal /SE4. In this case, the readout circuit 28'
of FIG. 1 may operate substantially the same as the readout
circuit 28' of FIG. 12. According to another example embodi-
ment, a switch SW5 may be turned on in response to the
switch signal SE3, a switch SW6é may be turned off in
response to the switch signal /SE3, a switch SW7 may be
turned on in response to the switch signal SE4, and a switch
SW8 may be turned off in response to the switch signal /SE4.
In this case, the readout circuit 28' of FIG. 15 may operate
substantially the same as the readout circuit 28' of FIG. 14.

FIG. 16 is a block diagram according to another example
embodiment of the image sensor illustrated in FIG. 1. For
convenience of explanation, the object 1 is illustrated with the
image sensor 100 together. Referring to FIGS. 1, 2 and 16, an
image sensor 100" according to another example embodiment
of the image sensor illustrated in FIG. 1 may include a pixel
array 24, a readout circuit 28, a timing controller 30 and a row
decoder 34.

The pixel array 24 may include a plurality of unit pixels
26", and each unit pixel 26" may be embodied in an image
sensor pixel, e.g., a color pixel, according to an example
embodiment. The image sensor 100 may get image data
IDATA corresponding to color information or a color image
of the object 1 or image data corresponding to motion infor-
mation or a motion image of the object 1 according to a
motion selection signal MSEL.

FIG. 17 is a drawing depicting an example embodiment of
layout of pixels which are comparative targets in the pixel
array illustrated in FIG. 16. FIG. 18 is a drawing depicting
another example embodiment of the layout of pixels which
are comparative targets in the pixel array illustrated in FIG.
16. FIG. 19 is a drawing depicting still another example
embodiment of the layout of pixels which are comparative
targets in the pixel array illustrated in FIG. 16.

For convenience of explanation, a part 24-1A through
24-1C of the pixel array 24 is illustrated. Referring to FIGS.
16 through 19, a first pixel 26"-1 and a second pixel 26"-2
which are comparative targets are color pixels which have the
same color, e.g., red, green or blue, and may be included in
each of adjacent unit pixels.

The first pixel 26"-1 and the second pixel 26"-2 illustrated
in FIG. 17 are included in each of adjacent unit pixels in a row
direction. The first pixel 26"-1 and the second pixel 26"-2
illustrated in FIG. 18 are included in each of adjacent unit
pixels in a column direction. The first pixel 26"-1 and the
second pixel 26"-2 illustrated in FIG. 19 are included in each
of adjacent unit pixels in a diagonal direction.

FIG. 20 is a drawing depicting still another example
embodiment of the layout of pixels which are comparative
targets in the pixel array illustrated in FIG. 16. FIG. 21 is a
drawing depicting still another example embodiment of the
layout of pixels which are comparative targets in the pixel
array illustrated in FIG. 16. For convenience of explanation, a
part 24-1D or 24-1E of the pixel array 24 is illustrated. Refer-
ring to FIGS. 20 and 21, the unit pixel 26" may include a white
pixel.

According to an example embodiment, the first pixel 26"-1
and the second pixel 26"-2 which are comparative targets are
white pixels and may be included in each of adjacent unit
pixels. According to an example embodiment, a part 24-1D or
24-1F of the pixel array 24 may includes IR-pass filter cor-
respond to each of white pixels.

The first pixel 26"-1 and the second pixel 26"-2 illustrated
in FIG. 20 are included in each of adjacent unit pixels in a row
direction. The first pixel 26"-1 and the second pixel 26"-2
illustrated in FIG. 21 are included in each of adjacent unit
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pixels in a diagonal direction. According to another example
embodiment, the first pixel 26"-1 and the second pixel 26"-2
may be included in each of adjacent unit pixels in a column
direction.

FIG. 22 is a circuit diagram of one of pixels which are
comparative targets illustrated in FIGS. 18 through 21. FIG.
23 is a circuit diagram of the other of pixels which are com-
parative targets illustrated in FIG. 18 through 21. FIG. 24 is a
timing diagram of control signals supplied to each of pixels
which are comparative targets illustrated in FIGS. 22 and 23.

Referring to FIGS. 22 through 24, each reset signal RSA or
RSB may perform a reset operation by controlling a reset
transistor RX included in each pixel 26"-1 or 26"-2.

Each transmission signal TGA or TGB may control a trans-
mission transistor TX included in each pixel 26"-1 or26"-2. A
reset signal RSA is activated for a first time at a first time point
T1 and deactivated at a second time point T2, activated for a
second time at a third time point T3 and deactivated at a fourth
time point T4, and activated again at a ninth time point T9. A
reset signal RSB is activated for a first time at a first time point
T1 and deactivated at a second time point T2, activated for a
second time at a fifth time point T5 and deactivated at a sixth
time point T6, and activated again at a ninth time point T9.

A first activation of each reset signal RSA or RSB is for
reading a reset value of each pixel 26"-1 or 26"-2, and a
second activation is for resetting a charge generated before an
integration interval of each pixel 26"-1 or 26'-2 starts. In this
case, the time period extending form a first time point T1 to a
ninth time point T9 corresponds to a frame period Tframe.

A transmission signal TGA supplied to the first pixel 26"-1
is activated for a first time at a third time point T3 and deac-
tivated at a fourth time point T4, and activated for a second
time at a fifth time point T5 and deactivated at a sixth time
point T6. That is, the time period extending from the fourth
time point T4 to the fifth time point T5 is a first integration
time Tint1 for the first pixel 26"-1 to perform an integrating
operation.

A transmission signal TGB supplied to the second pixel
26"-2 is activated for a first time at a fifth time point T5 and
deactivated at a sixth time point T6, and activated for a second
time at a seventh time point T7 and deactivated at an eighth
time point T8. That is, the time period extending from the
sixth time point T6 to the seventh time point T7 is a second
integration time Tint2 for the first pixel 26"-1 to perform an
integrating operation.

The first integration time Tintl and the second integration
time Tint2 are contained in a same a frame (i.e., occur within
the same frame period), and are not overlapped to each other.

FIG. 25 is a flowchart of a method for sensing an operation
of'an image sensor according to an example embodiment of
the present inventive concepts. Referring to FIGS. 1 through
25, the image sensor 100 may output a first pixel signal PIXA
by using at least one first pixel 26-1 during a first integration
time Tintl of a frame (S10).

According to an example embodiment, when a unit pixel
26' included in the image sensor 100 has a four-tap structure,
the image sensor 100 may output a first pixel signal, e.g., a
sum signal PIXAB or PIXAC, by using two pixels 26'-1 and
26'-2 or 26'-1 and 26'-3.

The image sensor 100 may output a second pixel signal
PIXB by using at least one second pixel 26-2 during a second
integration time Tint2 of the frame (S12). According to an
example embodiment, when the unit pixel 26' included in the
image sensor 100 has a four tap structure, the image sensor
100 may output a second pixel signal, e.g., a sum signal
PIXCD or PIXBD, by using two pixels 26'-3 and 26'-4 or
26'-2 and 26'-4.
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Each of the comparators 42 and 44 may compare the first
pixel signal PIXA with the second pixel signal PIXB each
other and generate each of the comparison signals SCOMP1
and SCOMP2 (S14).

FIG. 26 is a block diagram of an image processing system
according to an example embodiment including the image
sensor illustrated in FIG. 1. Referring to FIGS. 1 and 26, an
image processing system 900 may include the image sensor
100, aprocessor 910, a memory 920, adisplay unit 930 and an
interface 940.

The processor 910 may control an operation of the image
sensor 100 or process image data output from the image
sensor 100. For example, the processor 910 may generate
two-dimensional or three-dimensional image data based on
color information, depth information and/or motion informa-
tion of an object output from the image sensor 100. According
to an example embodiment, the processor 910 may mean the
ISP 200.

The memory 920 may store a program for controlling an
operation of the image sensor 100 through a bus 950 accord-
ing to a control of the processor 910 and an image generated
by the processor 910, and the processor 910 may execute the
program by accessing stored information. The memory 920
may be embodied in, for example, a non-volatile memory.

The display unit 930 may receive an image from the pro-
cessor 910 or the memory 920 and display it through a dis-
play, e.g., a liquid crystal display (LCD), a LED display, a
OLED display, an active matrix organic light emitting diodes
(AMOLED) display or a flexible display.

An interface 940 may be embodied in an interface for
inputting/outputting a two dimensional or a three dimen-
sional image. According to an example embodiment, the
interface 940 may be embodied in a radio interface.

FIG. 27 is a block diagram of an electronic system accord-
ing to an example embodiment including the image sensor
illustrated in FIG. 1. Referring to FIGS. 1 and 27, an elec-
tronic system 1000 may be embodied in a data processing
device which may use or support a mobile industry processor
interface (MIPI®), e.g., a personal digital assistant (PDA), a
portable multimedia player (PMP), an internet protocol tele-
vision (IPTV) or a smart phone.

The electronic system 1000 includes the image sensor 100,
an application processor 1010 and a display 1050. A camera
serial interface (CSI) host 1012 embodied in the application
processor 1010 may perform a serial communication with a
CSI device 1041 of the image sensor 100 through a camera
serial interface (CSI). Here, for example, the CSI host 1012
may include a deserializer (DES), and the CSI device 1041
may include a serializer (SER).

A DSI host 1011 embodied in the application processor
1010 may perform a serial communication with a DSI device
1051 of the display 1050 through a display serial interface
(DSI). Here, for example, the DSI host 1011 may include a
serializer (SER), and the DSI device 1051 may include a
deserializer (DES).

According to an example embodiment, the electronic sys-
tem 1000 may further include a RF chip 1060 which may
communicate with the application processor 1010. A Physi-
cal layer (PHY) 1013 included in the application processor
1010 and a PHY 1061 included in a RF chip 1060 may
transmit or receive data according to MIPI DigRF. According
to an example embodiment, the electronic system 1000 may
further include a GPS receiver 1020, a storage 1070, a micro-
phone (MIC) 1080, a dynamic random access memory
(DRAM) 1085, and a speaker 1090.
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The electronic system 1000 may communicate by using a
world interoperability for microwave access (Wimax) 1030, a
wireless LAN (WLAN) 1100 and/or a ultra wideband (UWB)
1110.

Although a few embodiments of the present general inven-
tive concept have been shown and described, it will be appre-
ciated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and
spirit of the general inventive concept, the scope of which is
defined in the appended claims and their equivalents.

What is claimed is:

1. An image sensor, comprising:

afirst pixel configured to generate a first pixel signal during
a first integration time of a frame period;

a second pixel configured to generate a second pixel signal
during a second integration time of the frame period; and

areadout circuit configured to generate comparison signals
by comparing the first pixel signal and the second pixel
signal,

wherein the readout circuit includes:

a ramp signal generator configured to generate a ramp
signal;

a first comparator;

a second comparator; and

a switch array configured to transmit the first pixel signal
and one of the second pixel signal and the ramp signal to
the first comparator, and to transmit the second pixel
signal and one of the first pixel signal and the ramp
signal to the second comparator, in response to switch
signals.

2. The image sensor of claim 1, further comprising:

a mode selection circuit configured to generate a clock
adjusting signal and the switch signals in response to a
mode selection signal;

a clock signal generator configured to generate a first clock
signal or a second clock signal in response to the clock
adjusting signal; and

counters each configured to count a level transition time of
each of the comparison signals in response to the first
clock signal or the second clock signal.

3. The image sensor of claim 2, wherein the first clock
signal has a one clock cycle during the frame period, and the
second clock signal has a plurality of clock cycles during the
frame period.

4. The image sensor of claim 1, wherein the readout circuit
further includes summation circuits each for adding an offset
signal to each of the first pixel signal and the second pixel
signal.

5. An image sensor, comprising:

afirst pixel configured to generate a first pixel signal during
a first integration time of a frame period;

a second pixel configured to generate a second pixel signal
during a second integration time of the frame period; and

areadout circuit configured to generate comparison signals
by comparing the first pixel signal and the second pixel
signal,

wherein the readout circuit includes:

a first comparator;

a second comparator; and

a switch array configured to add the first pixel signal and a
third pixel signal output from one of third pixels and
transmit a first resultant summation signal to the first
comparator, and to add the second pixel signal and a
fourth pixel signal from the other of the third pixel
signals and transmit a resultant second summation sig-
nal to the second comparator, in response to switch
signals.
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6. The image sensor of claim 5, wherein the readout circuit
further comprises:

a first summation circuit configured to add the third pixel

signal and the first pixel signal; and

a second summation circuit configured to add the fourth
pixel signal and the first pixel signal.

7. The image sensor of claim 6, further comprising a direc-
tion selection circuit configured to generate the switch sig-
nals.

8. An image sensor comprising:

an image sensor array including an array of unit pixels,
each of the unit pixels including at least a first pixel and
a second pixel;

a decoder circuit configured to apply successive reset sig-
nals to the first and second pixels of the unit pixel, the
successive reset signals defining a frame period of the
unit pixel, wherein the first pixel is active during a first
integration time of the frame period, and the second
pixel is active during a second integration time of the
frame period;

acomparator circuit configured to compare an output of the
first pixel corresponding to the first integration time of
the frame period and an output of the second pixel cor-
responding to the second integration time of the frame
period, and to output a comparison result,

wherein the first integration time of the frame period does
not overlap the second integration time of the frame
period.

9. The image sensor of claim 8, further comprising a clock
circuit configured to apply a first clock pulse to the first pixel
to activate the first pixel during the first integration time of the
frame period, and to apply a second clock pulse to the second
pixel to activate the second pixel during the second integra-
tion time of the frame period, wherein the first pulse does not
overlap the second clock pulse.

10. The image sensor of claim 8, wherein the comparator
circuit comprises:

avoltage adder configured to add a first offset voltage to the
output of the first pixel to obtain a first offset pixel signal,
and to add a second offset voltage to the output of the
second pixel to obtain a second offset pixel signal;

a first comparator configured to compare the output of the
second pixel with the first offset pixel signal; and

a second comparator configured to compare the output of
the first pixel with the second offset pixel signal.

11. The image sensor of claim 8, wherein the unit pixel is a

time-of-flight (TOF) sensor pixel.

12. A system on chip (SoC), comprising:

an image sensor;

a central processing unit (CPU) configured to transmit a
mode selection signal for selecting an operation mode to
the image sensor; and

an image signal processor (ISP) configured to process
image data output from the image sensor,

wherein the image sensor includes:
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afirst pixel configured to generate a first pixel signal during
a first integration time of a frame period;

a second pixel configured to generate a second pixel signal
during a second integration time of the frame period;
areadout circuit configured to generate comparison signals
by comparing the first pixel signal and the second pixel

signal in response to the mode selection signal;

a mode selection circuit configured to generate a clock
adjusting signal and switch signals in response to the
mode selection signal;

a clock signal generator configured to generate a first clock
signal or a second clock signal in response to the clock
adjusting signal; and

counters each configured to count each of the comparison
signals in response to the first clock signal or the second
clock signal.

13. The SoC of claim 12, wherein the readout circuit

includes:

a ramp signal generator configured to generate a ramp
signal;

a first comparator;

a second comparator; and

a switch array configured to transmit the first pixel signal
and one of the second pixel signal and the ramp signal to
the first comparator, and to transmit the second pixel
signal and one of the first pixel signal and the ramp
signal to the second comparator, in response to the
switch signals.

14. The SoC of claim 12, wherein the first clock signal has
a one clock cycle during the frame period, and the second
clock signal has a plurality of clock cycles during the frame
period.

15. A system on chip (SoC), comprising:

an image sensor;

a central processing unit (CPU) configured to transmit a
mode selection signal for selecting an operation mode to
the image sensor; and

an image signal processor (ISP) configured to process
image data output from the image sensor,

wherein the image sensor includes:

afirst pixel configured to generate a first pixel signal during
a first integration time of a frame period;

a second pixel configured to generate a second pixel signal
during a second integration time of the frame period;
areadout circuit configured to generate comparison signals
by comparing the first pixel signal and the second pixel

signal in response to the mode selection signal;

a light source configured to output an optical signal inci-
dent towards an object; and

a pass filter configured to pass a reflected optical signal
from the object to the first pixel or the second pixel,

wherein an intensity of the optical signal or whether the
optical signal is modulated is determined based on the
mode selection signal.
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